The structural aspects of xCs 2 O-͑1−x͒B 2 O 3 glasses have been investigated by molecular dynamics as functions of Cs 2 O content ͑x = 0.2, 0.3, and 0.4͒ and temperature ͑T = 300 and 1250 K͒. The tetrahedral ͑BØ 4 − ͒ and triangular ͑BØ 3 ,BØ 2 O − , and BØO 2 2− ͒ short-range order borate units were found to be the structure-building entities of the simulated glasses ͓Ø=bridging oxygen ͑BO͒ and O − =nonbridging oxygen ͑NBO͒ atom͔. The increase of Cs 2 O content results in the progressive increase of the NBO-containing triangle population at the expense of the BØ 4 − tetrahedral units. The same effect is caused by temperature increase at a fixed Cs 2 O content, and this was associated with the "fragile" characteristics of alkali borate glasses. A comparison of simulated Cs and Li borates showed very similar structures at x = 0.2, but dissimilar ones when the alkali content exceeds this composition. In particular, for x Ͼ 0.2 Cs borates exhibit a preference for NBO formation relative to Li borates. Differences in the microstructure of sites hosting Cs ions were found, and this permits their classification into bridging ͑b type͒ and nonbridging type ͑nb type͒ of sites. b-type sites consist exclusively of BO atoms, while both BO and NBO atoms participate in nb-type sites. These differences in Cs-site local bonding characteristics were found to be reflected on the Cs-O͑site͒ vibration frequencies. Also, the computed Cs-O vibrational responses for simulated Cs borates were found to compare well with experimental far-infrared spectra.
I. INTRODUCTION
Alkali and alkaline-earth borate glasses are characterized by nonmonotonic variations of physical properties with metal oxide content, a phenomenon known as the "boron anomaly" effect. Early studies on borate glasses aimed at elucidating the nature and relative population of the borate units comprising the glass network as a means of providing a structural basis for explaining the boron anomaly effect. 1 The works of Krogh-Moe by infrared, 2 Bray and co-workers by NMR, [3] [4] [5] and Konijnendijk and Stevels by Raman spectroscopy 6 have made pioneering contributions in this field. While glassy B 2 O 3 is known to result from interconnected BØ 3 triangles ͑Ø denotes an oxygen atom bridging two boron centers͒, a fraction of which is being arranged in planar boroxol rings, 2-8 addition of metal oxide to boron oxide was found to cause the transformation of neutral BØ 3 units into charged BØ 4 − tetrahedra. For alkali borate glasses, xM 2 O-͑1−x͒B 2 O 3 ͑M=alkali͒, the early studies showed that for x Ͻ 0.30 the fraction of BØ 4 − units N 4 , follows the law N 4 = x / ͑1−x͒; i.e., each added oxygen atom converts two BØ 3 units into two BØ 4 − tetrahedra, but N 4 was found to be independent of the nature of alkali metal ion. [3] [4] [5] For alkali modifier contents above ca. x = 0.30 the network modification involves mainly the formation of nonbridging oxygen atoms ͑NBO͒ on borate triangular units, with the number of NBOs increasing progressively as x changes towards x = 0.75. These units are the metaborate triangles BØ 2 O − , pyroborate dimers B 2 ØO 4 4− , and orthoborate monomers BO 3 3− . In addition to the strong influence of the metal oxide content, studies of physical properties of borate glasses have shown a clear dependence on the type of alkali modifier as well. This is demonstrated by viscosity, 9 absorption edge, 10 optical basicity, 11, 12 glass transition temperature, and thermal-expansion coefficient 13, 14 data of alkali borate glasses. It is possible that this dependence on the type of M 2 O oxide originates from structural variations, although less pronounced than those induced by the increasing M 2 O modifier content. For example, the viscosity-composition isotherms have been discussed in terms of the field strength of the alkali metal ion, and it has been suggested that for a given M 2 O content the concentration of NBOs increases from Li to Cs. 9 This trend is consistent with the alkali dependence of other physical properties, [10] [11] [12] [13] [14] including sound velocities and elastic constants which decrease systematically as the alkali changes from Li to Cs. 15 Such a disagreement for the role of metal ions, resulted from parallel studies of the structure and properties of alkali borate glasses, appeared to be resolved in more recent NMR investigations of Zhong and Bray 16 and Bray. 17 By employing wide-line 11 B NMR with more sensitive instrumentation and signal-averaging techniques, they were able to demonstrate that N 4 follows the theoretical curve x /1−x for alkali contents lower than ca. x = 0.15, but for glasses with larger alkali contents N 4 is a strong function of the alkali ion. In particular, they found the N 4 fraction to decrease as the size of the alkali metal ion increases. 16, 17 This result reflects a competition between the two transformation processes in the composition range x ജ 0.15, i.e., the parallel formation of BØ 4 − tetrahedra and NBO-containing borate triangles. A similar dependence of the borate structure on alkali metal type was revealed by Raman 18 and infrared 19, 20 spectroscopy, as well as by molecular-dynamics simulations of borate glasses. 21, 22 Youngman and Zwanziger 23 concluded from their 11 B dynamic-angle spinning ͑DAS͒ NMR study of Rb borate glasses that the N 4 values were consistent with those determined in the NMR study of Zhong and Bray 16 and Bray. 17 Also, a recent neutron-scattering study by Majerus et al. showed that N 4 decreases progressively from Li to K for alkali borate glasses with composition x = 0.33. 24 The structure of cesium borate glasses was reinvestigated recently by Berryman et al. employing 11 B NMR spectroscopy. 25 It was found that the N 4 values for Cs borate glasses follow closely those determined for glasses in the Li borate system, while in the earlier Zhong and Bray study a clear difference was revealed in N 4 values between the two systems. 16, 17 Kodama and Kojima 26 reported high-precision ultrasonic velocity data for Cs and Li borate glasses and modeled the elastic properties in terms of the population and elastic constants of three local structural units: BØ 3 ,BØ 4 − M + , and BØ 2 O − M + . Their property-structure analysis showed that the N 4 parameter follows the relation N 4 = x / ͑1−x͒ for Li borates in the range 0 ഛ x ഛ 0.28 and deviates from this relation at higher lithium contents. This suggests that the conversion of BØ 3 to BØ 4 − units takes place for compositions up to ca. x = 0.28, and this process is followed by the decay of BØ 4 − and the formation of BØ 2 O − units for x Ͼ 0.28. The results obtained for Cs borate glasses were quite distinct in that the deviation of N 4 from the x / ͑1−x͒ relation was observed at very low Cs 2 O contents, i.e., at ca. x = 0.065. 26 This finding was taken to demonstrate a larger tendency of Cs borate glasses for nonbridging oxygen formation in comparison to Li borates of the same alkali content. In view of these points, we note that a recent 11 B magic-angle spinning ͑MAS͒ NMR study by Clarida et al. 27 of borate glasses with alkali content x = 0.286 has suggested that N 4 has little or no dependence on the type of alkali metal, though the measured values are systematically higher than 0.40, corresponding to the x / ͑1−x͒ value. It is apparent that more work is required in this field to shed light on the structural peculiarities exhibited by modified borate glasses.
We have recently employed molecular-dynamics ͑MD͒ simulations to investigate structural aspects and ion dynamics in Li borate glasses. [28] [29] [30] The analysis of the MD data allowed the evaluation of the relative population of the local structural units as a function of lithium oxide content and temperature. In addition, the microstructure of sites hosting Li ions was studied, and the corresponding Li ion site vibrational response was computed and compared with experimental far-infrared spectra. In this work we extend our MD studies to cesium borate glasses xCs 2 O-͑1−x͒B 2 O 3 as a function of composition ͑x = 0.2, 0.3, and 0.4͒ and temperature ͑T = 300 and 1250 K͒. In the first part of the work we focus on the structure of the simulated glasses, expressed by the molar fractions of the short-range-order ͑SRO͒ structural units, and on the dependence of this structure on composition and temperature. The results are compared with those obtained for Li borate glasses under similar conditions in order to search for any influence of the alkali metal ion on the SRO structure of a glass. The structural information is subsequently employed to determine the types of site occupied by Cs ions and to calculate the short-time dynamics related to the rattling motion of Cs ions in their local sites. The results are discussed in comparison with previous reports on the structure and properties of glasses in the Cs borate system.
II. COMPUTATIONAL METHOD
The MD simulations were performed on a collection of ca. 512 atoms in a primitive cubic lattice, with lattice parameters calculated from the experimental density data of Cs borate glasses. [31] [32] [33] Interatomic interactions were treated by means of the usual Born-Mayer-Huggins potential,
where
In Eqs. ͑1͒ and ͑2͒, z i e and z j e , i and j , and r i and r j are the charges, number of valence shell electrons, and ionic radii of ions i and j, respectively, and is the repulsion parameter ͑ = 0.29 Å͒. The charge of the Cs ion is taken equal to 1, whereas charges for boron and oxygen atoms are calculated from the following equations:
where = 0.667 is a charge scaling factor that yields a partial covalent character of the B-O interactions so that the simulated vibrational spectra have a close agreement with the experimental ones. 21 N Cs , N O , and N B are the number of Cs, O, and B atoms in a specific simulated glass composition.
An additional three-body harmonic interaction potential term for the O-B-O angles was included,
where K ijk is a constant determining the strength of the interaction and is the angle between i-j and j-k bonds, where i and k are the oxygen atoms bonded to the jth boron atom. The angle 0 corresponds to the expected angle value for ideal triangular ͑ 0 = 120°͒ and tetrahedral ͑ 0 = 109.47°͒ borate units. The constant K ijk assumes different values when it refers to tetrahedral ͑K ijk = 1000 kJ/ ͑mol rad 2 ͒ and triangular ͑K ijk =500 kJ/ ͑mol rad 2 ͒ borate units. These values were determined by following the same reasoning as that for the charge scaling parameter . The values of parameters which appear in Eqs. ͑1͒ and ͑2͒ are summarized in Table I .
The simulations were carried out in the canonical ensemble, where the initial configuration was generated from a random distribution of atoms over the sites of the fcc lattice with velocities taken from a Maxwellian distribution at 5000 K. Periodic boundary conditions were applied, and longrange Coulombic forces were handled by employing the Ewald summation method. 34 A fifth-order Gear predictorcorrector integrator with a time step of 0.96 fs was used.
The generated melts were quenched from an initial temperature of 5000 K to the final temperatures of 300 or 1250 K in five or three cooling cycles, respectively, where at each cycle the temperature was fixed and set equal to half of the value it had in the previous cycle. At a particular cooling cycle, temperature was monitored and kept constant for about 2 ps by scaling down the velocities of the particles at each time step, followed by another time period of 10 ps where, this time, the velocities were scaled down for every 10 time steps. In the final cooling cycle the 10-ps time period was extended to 30 ps, after which properties were accumulated for a final period of about 180 ps.
The simulated final temperatures of 300 and 1250 K correspond to the glassy state, although we have not performed calculations for the location of the exact melting point. This stems from the fact, in particular for the 1250-K temperature, that the mean-square displacement ͑MSD͒ curves of the oxygen and boron atoms are practically straight lines with a slope very close to zero. In a melt, the atoms of the network structure are expected to be more mobile. The choice of the 1250-K temperature was more or less arbitrary, and it was based on the fact that we wanted to study the temperatureinduced structural changes as well as the dynamics of Cs ions not included in the present work. In a room-temperature simulated glass, the dynamics are extremely slow to be followed in a reasonable computational time.
III. RESULTS AND DISCUSSION

A. Composition and temperature dependence of the short-range order structure
The boron-oxygen radial distribution functions ͑RDFs͒ of the simulated xCs 2 O-͑1−x͒B 2 O 3 glasses were calculated at temperatures of 300 and 1250 K in order to determine the short-range order structure of the borate network. Typical results concerning the first peak in the boron-oxygen RDF g B-O ͑R͒ are shown in Fig. 1 and are compared with corresponding RDFs obtained previously for Li borate glasses. 29 This first peak in the g B-O ͑R͒ arises from the nearestneighbor B-O correlations and should be taken as resulting from the overlapping contributions of B-O distances in SRO units, i.e., borate triangles ͑BØ 3 ,BØ 2 O − , and BØO 2 2− ͒ and
The presence of borate triangles and tetrahedra as the network building blocks is consistent with the O-B-O angle distribution functions which exhibit sharp peaks at ca. 120°and 110°for all compositions and temperatures investigated.
For the composition x = 0.2 the first peak of g B-O ͑R͒ is practically independent of the nature of the alkali ion ͓Fig. 1͑a͔͒, implying very similar SRO structures for the two glasses. However, at higher alkali contents the fist peak exhibits a metal ion dependence as observed in Fig. 1͑b͒ for x = 0.4. For M = Cs the first peak appears shifted to lower B-O distances compared to those for M = Li. This peak originates from three different contributions corresponding to B͑3͒-NBO bonds, B͑3͒-Ø bonds, and B͑4͒-Ø bonds, where the number in parentheses denotes the coordination of the boron atom. Since the B͑3͒-NBO bonds are shorter than the B͑3͒-Ø bonds, which in turn are shorter than the B͑4͒-Ø bonds, 21, 22 we infer that the x = 0.4 Cs borate glass exhibits a smaller relative population of BØ 4 − units and a larger abundance of NBO-containing units than does its Li counterpart.
To quantify the above observations we proceed with the evaluation of the molar fraction of the SRO structural units constituting the borate network. From the integration of the first peak of g B-O ͑R͒ ͑Fig. 1͒ up to the first minimum, the average coordination number of boron ͗B͑O͒͘ is obtained, and this leads to the fraction of the BØ 4 − tetrahedra by the simple relation X 4 = ͗B͑O͒͘ − 3. The results are displayed in Fig. 2 where they are compared with the theoretical curve x / ͑1−x͒, the room-temperature NMR data for Cs borate glasses, 16, 25 and the X 4 data from the MD simulation of Li borate glasses. 28, 29 At T = 300 K both experimental and MDderived X 4 values deviate from the theoretical curve, and this effect becomes more pronounced for the x = 0.3 and 0.4 Cs borate compositions, implying an increasing fraction of NBO-containing units at these higher Cs modification levels.
The presence of NBOs at T = 300 K for x = 0.3 and 0.4 could be responsible also for the larger differences in X 4 observed between experimental and MD data. As discussed by Soules 35 and others, 21, 22 the very high cooling rates involved in MD simulations lead to simulated glasses having higher fictive temperatures with typical laboratory glasses. The result of this effect is that a simulated glass reflects the quasiequilibrium structure arrested at high temperatures. As shown by statistical-mechanical calculations 36 and by spectroscopic techniques, such as NMR, 37 infrared, 38 x-ray diffraction, 39 and Raman, 40 the NBO-containing triangular units of modified borate glasses are favored at high temperatures at the expense of the BØ 4 − tetrahedra. A similar effect of temperature was found in a recent MD simulation of a B 2 O 3 glass, in the sense that the maximum fraction of boroxol rings ͑ca. 33%͒ was observed when the simulated glass was "prepared" at low temperatures. 41 However, the nonring BØ 3 triangles were found to be favored at higher equilibration temperatures at the expense of boroxol rings, the fraction of which drops to ca. 11%. 41 Therefore, it is reasonable to find that simulated Cs borates exhibit at 300 K lower X 4 values than do laboratory glasses investigated by room-temperature NMR, provided that the alkali content favors the formation of NBOs ͑i.e., compositions x = 0.3, 0.4͒.
As shown in Fig. 2 , the structural parameter X 4 derived by MD at 300 K for the composition with the lower Cs content ͑x = 0.2͒ is practically the same as that obtained by room-temperature NMR. 16, 25 This can be attributed to the fact that the smaller NBO concentration makes the x = 0.2 glass structure less vulnerable to the large differences in quenching rates existing between simulated and laboratory glasses. This finding is in accord with the high-temperature Raman study of Akagi et al. on K borate glasses. 40 They have demonstrated that the Raman profiles of the x = 0.3 glass/ melt are much more sensitive to temperature changes than those of the x = 0.2 glass/ melt. It is clear from the above discussion that a comparison of the X 4 data on laboratory glasses from MD simulations with those from NMR spectroscopy should be made with caution. Therefore, we suggest that it is preferable to consider trends of X 4 rather than absolute values when discussing the structure of simulated glasses. In this context, the MD data in Fig.  2 indicate that for x = 0.2 similar SRO structures exist in Li and Cs borate glasses, in agreement with the NMR findings of Berryman et al. 25 However, the results of the simulations for glasses of higher metal oxide contents ͑x = 0.3, 0.4͒ indicate larger fractions of NBO-containing units in Cs glasses, in agreement with the NMR work of Zhong and Bray 16 and Bray, 17 the suggestions of Kodama and Kojima, 26 and the trend found in the neutron-scattering study of Majerus et al. for diborate glasses ͑x = 0.33͒. 24 The effect of temperature on structure is studied here by "preparing" simulated Cs borate glasses at 1250 K. In comparison with the MD data at 300 K ͑Fig. 2͒ it is clear that X 4 decreases with increasing temperature for all Cs borate compositions, in agreement with our earlier simulations of Li borate glasses 28, 29 and neutron-scattering experiments on alkali diborate glasses. 24 The effect of temperature is particularly drastic for Cs contents x = 0.3 and 0.4, since for these compositions the BØ 4 − tetrahedra have been completely transformed into NBO-containing borate triangular units at 1250 K. The nature of these latter units will be discussed in the following section.
Such a change in boron speciation with temperature is expected to contribute largely to the configurational entropy of the system, and, thus, it should manifest itself in structurerelated properties including ion transport and viscous flow. 37 Indeed, even in early studies 9 the transformation of the BØ 4 − tetrahedra into triangles with NBO atoms was correlated with the reduction of network crosslinking and the consequent reduction of viscosity. More recently, Angell introduced the concept of "strength and fragility" to classify glass-forming liquids in terms of their temperature dependence on viscosity .
42 A convenient measure of the ease with which the structure changes with temperature ͑"fragility" index͒ is the slope of the log versus the T g / T curve in the vicinity of glass transition ͑i.e., S = lim T g /T→l d log / d͑T g / T͒͒, as this quantity is proportional to an activation energy for viscous flow. The fragility index has been determined for Li borate glasses and was found to increase with increasing alkali oxide content. 43 In a similar approach, the activation entropy at the glass transition was used as a measure of the fragility of the system and was found also to increase with increasing alkali content in borate glasses. 44 These trends can be attributed at large to an increasing effect of temperature on the change of boron coordination from four to three with increasing alkali content as found in the MD simulations of Cs and Li borates.
B. Nonbridging oxygen "NBO…-containing borate units and NBO-NBO correlations
Considering the important role of NBOs in metal ion network bonding and transport properties, 29, 45, 46 it is of interest to examine the nature of NBO-containing structural 2− ͒ and molar fractions X 2 and X 1 , respectively. An oxygen atom is identified as NBO if no other boron atom is found within a sphere of ca. 2 Å radius. This cutoff distance corresponds to the first minimum of the B-O RDF curve, and it is found to be almost temperature and composition independent. Having determined the total number of NBO atoms in the simulated box, the fractions X 2 and X 1 were derived using the procedure described previously in detail. 29 The obtained fractions X 2 and X 1 are presented in Figs. 3͑a͒ and 3͑b͒ as functions of composition and temperature and are compared with the data for Li borate glasses in Figs. 3͑c͒ and 3͑d͒. It is evident that for x = 0.2 the increase in temperature results in the transformation of BØ 4 − units into triangular BØ 2 O − units ͑fraction X 2 ͒ for both glass systems. This temperature effect on SRO speciation can be described by the isomerization reaction,
which shifts to the right with increasing temperature. O contents and temperatures, we search now for the possibility of these SRO units being organized into well-defined medium-range-order ͑MRO͒ structures like ring and dimer types expressed by reactions ͑8͒ and ͑9͒, respectively. For this purpose, we have counted all possible structural configurations of two interconnected borate triangular units, with at least one of them being charged. These structures are termed as ͑i-j͒, where i and j indicate the number of NBOs per borate triangle. For example, in the structure ͑1-2͒ the first triangle has one NBO and the second one two. For the x = 0.2 composition practically all BØ 2 O − units were found in configuration 1-0. For Cs 2 O contents larger than x = 0.2 the configuration 1-0 is still present, and types 1-1, 2-0, and 1-2 are also formed in percentages depending on temperature and composition. However, no tendency was found for the formation of metaborate rings or pyroborate dimers ͑structure 2-2͒ at any composition and temperature studied here. This reinforces the fact expressed above that simulated Cs borate glasses have much higher fictive temperatures than laboratory glasses, and, thus, equilibria ͑8͒ and ͑9͒ are shifted to the left in simulated glasses. This result is analogous to that reported for glassy B 2 O 3 where the boroxol rings ͑MRO structures͒ were found to be dismantled into BØ 3 triangles ͑SRO species͒ when the glass is prepared at high temperatures. 41 Further insights into the relative organization of the NBO-containing triangles in glass can be obtained from the consideration of the NBO-NBO correlation functions, an example of which is displayed in Fig. 4 for the x = 0.3 Cs and Li borate compositions at T = 1250 K. The first narrow peak at ca. 2.25 Å can be attributed to correlations between NBO atoms belonging to the same triangular unit, 29 and its area is connected directly to the number of BØO 2 2− units. A comparison of the two glasses shows that the Cs borate peak is shifted to a smaller distance, suggesting differences in bonding in the two glass systems. In particular, since the O-B-O angles of the triangular borate units remain the same in the 
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Molecular dynamics study of cesium borate glasses J. Chem. Phys. 123, 014508 ͑2005͒ two systems, the smaller NBO-NBO distance found for Cs borates should be attributed to a corresponding smaller B-NBO distance. This result is consistent with the smaller field strength of Cs ion compared to Li, that leads to weaker Cs ion-oxygen interactions and, thus, to a relatively stronger B-NBO bonding in Cs glasses. As a result, the overall boron-oxygen bonding in glasses containing NBOs is expected to be stronger in Cs than in Li borates, and this is demonstrated clearly by the first peak of the B-O RDF in Fig. 1͑b͒ . More pronounced differences in the NBO-NBO RDFs of two glass systems are observed at larger R values, where the strong peak at ca. 3.3 Å observed for the Li borate glass appears to be missing for M = Cs. In our previous work 29 the 3.3-Å peak was attributed to correlations between NBOs in connected borate triangles, like the structural arrangement − OØBØBØO − found in Cs borates ͑configuration 1-1͒. However, the absence of such a peak in the Cs borate NBO-NBO correlations necessitates the reevaluation of our previous assignment. For this purpose we have calculated separately the NBO-NBO RDFs for NBO atoms belonging to connected triangular units ͑configurations 1-1 and 1-2͒, as well as to unconnected BØ 2 O − triangular units. The results for the x = 0.3 Li glass at T = 1250 K are shown in Fig. 5͑a͒ , where it is clearly shown that the major contribution to 3.3 Å comes from NBO-NBO correlations in unconnected BØ 2 O − units ͑noted by unc in Fig. 5͒ , with such NBOs participating most likely in the coordination sphere of the same Li ion. Therefore, the high intensity of the 3.3-Å peak is another manifestation of the NBO clustering observed in Li borate glasses. 29 Interesting enough, the NBO atoms in connected borate triangles contribute mainly at ca. 4.4 Å and give rise to the small peak observed at this range in the total NBO-NBO RDF.
For the Cs-containing glass the NBO-NBO pair correlations in configurations 1-1 and 1-2 are found to peak also between 4 and 4.5 Å ͓Fig. 5͑b͔͒. However, the NBO-NBO correlation function between unconnected triangular units in the Cs glass gives an increasing contribution for distances above ca. 3.5 Å, instead of the peak observed for M = Li. This shows that the most probable distances between NBO atoms belonging to unconnected BØ 2 O − configurations become now significantly larger because of the larger ionic radius of Cs, and, thus, the shell corresponding to second neighbors is not well defined.
C. Cs ion hosting sites and their short-time dynamics
The structural differences discussed above between Cs and Li borates are expected to be reflected on the metal ionoxygen bonding characteristics. Such differences are revealed by the total alkali metal-oxygen pair radial distribution functions g M-O ͑R͒, which are found to peak at 3.25 Å for M = Cs and at 2.12 Å for M = Li for the room-temperature simulated glasses.
Further distinction can be made on the basis of the nature of oxygen atoms forming the coordination environment/ site of the metal ion. In the previous work 29 we have shown that metal ion hosting sites can be classified according to whether they consist exclusively of bridging oxygen atoms ͑b-type sites͒ or of both bridging and nonbridging oxygen atoms ͑nb-type sites͒. Based on this classification we label individual Cs ions as Cs b or Cs nb if they reside predominantly ͑i.e., more than 75% of the simulation time͒ in b-or nb-type sites, respectively. The Cs ions which do not fulfill this criterion are considered mixed Cs fraction. This result is in agreement with the progressive transformation of the BØ 4 − tetrahedra into NBO-containing triangles upon increasing Cs 2 O content and temperature, as discussed above.
From The situation is different for the x = 0.2 Cs borate composition at T = 300 K, where the BØ 4 − tetrahedral units constitute the vast majority of the charged species ͑85%͒. We find in this case that there is a one-to-one correspondence between BØ 4 − tetrahedral and Cs b ions, as well as between NBO atoms and Cs nb ions. This is attributed to the reduced probability of a BØ 4 − tetrahedron to be in the neighborhood of a NBO atom when the alkali content and temperature are considerably low. On the other hand, NBO-containing units are able to retain Cs ions in their neighborhood despite the fact that they are minority borate species, probably a result of their higher charge density with respect to b-type sites.
A similar analysis for Li borate glasses 29 shows that at T = 300 K the population of Li b ions is considerably smaller than the population of BØ 4 − units, whereas the population of Li nb ions is systematically larger than the number of NBO atoms. This effect was associated with a tendency of the nonbridging oxygen atom to coordinate more than one Li ion. However, as we have seen above such a trend for NBO/ metal ion clustering does not seem to be pronounced in Cs borate glasses.
The classification of Cs ions according to the site where they predominantly reside and the use of the relevant pair radial distribution functions permit the evaluation of the corresponding coordination numbers with oxygen, 50 In the following, we examine whether the distinction of Cs ions into Cs b and Cs nb types is reflected also in their vibrational properties. The vibrational density of states ⌽͑͒ of metal ions in glass can be calculated from the Fourier transform of their velocity autocorrelation function ⌽͑t͒ obtained from the following expression:
where ជ j ͑t͒ is the velocity of metal ion j at time t and N is the number of metal ions. 21, 29, 46 We have applied this formalism to calculate separately the ⌽͑͒ for Cs b and Cs nb ions. The results for x = 0.4 and T = 300 K are reported in Fig. 7͑a͒ and are compared with the experimental far-infrared spectrum of the x = 0.33 Cs borate glass. 20 As shown, the ⌽͑͒ responses for Cs b and Cs nb ions are in the far-infrared region are quite broad. Nevertheless, they are clearly distinguished and the spectral weight attributed to Cs nb ions contributes mostly to the high-frequency part of the spectrum, whereas the response of Cs b ions is active mainly at lower frequencies. This result strongly supports previous findings for the vibrational properties of lithium ions in borate glasses, 29 in the sense that the distinction of metal ions according to the nature of their sites in glass is very well reflected also in their shorttime dynamics. In addition, these findings are in line with our earlier analysis of experimental far-infrared spectra into two component bands ͓L and H in Fig. 7͑b͔͒ , and their assignment to the alkali ion site vibrations in at least two distributions of ion hosting sites. 20, 51 This work allows now a more detailed description of bands H and L in terms of the Cs-O vibrations in nb-and b-type sites, respectively.
IV. CONCLUSIONS
In a continuation of our recent work on moleculardynamics ͑MD͒ simulations on Li borate glasses, 27-29 this paper presents MD study of xCs 2 O-͑1−x͒B 2 O 3 glasses as a function of composition ͑0.2ഛ x ഛ 0.4͒ and temperature ͑T = 300, 1250 K͒. The main purpose of the present investigation is to provide insights on the role of alkali metal ions in aspects of structure and ion dynamics. The short-range-order ͑SRO͒ units building the Cs glass network were found to be borate tetrahedra ͑BØ 4 − ͒ and triangles ͑BØ 3 ,BØ 2 O − , and BØO 2 2− ͒, the latter having variable numbers of bridging ͑Ø͒ and nonbridging ͑NBO= O − ͒ oxygen atoms. From the analysis of the B-O and the NBO-NBO radial distribution functions the molar fractions of the SRO units were calculated and found to depend strongly on both Cs 2 O content, x, and temperature. In particular, it was shown that the increase of x leads to the progressive depolymerization of the glass network by increasing the relative abundance of NBOcontaining units at the expense of the BØ 4 − tetrahedra. This network transformation process was found to be enhanced at higher temperatures, and the extent of this effect is increased in glasses with larger alkali contents. Such structural changes were described in terms of isomerization ͓Eq. ͑6͔͒ and disproportionation ͓Eq. ͑7͔͒ equilibria between borate tetrahedra and triangles, and were associated with the increase of the fragile character of the glass with alkali content. Comparison of the present results with our previous study 29 shows that at x = 0.2 the Cs and Li glasses exhibit great similarities in the type and relative population of the SRO units. However, simulated glasses with larger alkali contents ͑x = 0.3, 0.4͒ show a dependence on alkali ion, with Cs borates having a larger tendency for NBO-containing units than do Li borate glasses. In addition, the local B-NBO and metal ion-oxygen bonding characteristics were found to vary with alkali ion. In particular, the average B-NBO bond was found to be stronger in Cs glasses and the metal ion hosting sites to involve larger coordination numbers and longer metal ion-oxygen distances than those for lithium borates. Such effects were correlated naturally with the field strength and ion size differences of the two alkali ions.
The investigation of the microstructure of Cs ion sites reveals the existence of two types of environments that retain their identity during the simulation time; the first is formed exclusively by bridging oxygen atoms ͑b type͒ and the second by both bridging and nonbridging oxygens ͑nb type͒. Similarly, cations are distinguished as either Cs b or Cs nb if they reside for more than 75% of the simulation time ͑ϳ180 ps͒ in b-type or nb-type sites, respectively. This distinction is manifested also on the vibrational properties of Cs ions; i.e., the calculated Cs nb ion site vibrational response appears at higher far-infrared frequencies than does that of Cs b ions. This result is compatible with our previous findings for Li borates 29 and offers an explanation for the microscopic origin of the two component bands resolved previously in the experimental far-infrared spectra. 
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